We monitored use of plants and habitat in a population of thamin (Cervis eldi thamin) in Chatthin Wildlife Sanctuary in central Myanmar from 1996 through 1999. Habitat use within the deciduous dipterocarp forest was monitored by radiotracking 19 individuals during daylight hours and conducting biannual fecal pellet surveys along 87 km of marked transects. Habitat abundance was determined by classifying a LANDSAT image of the region, collecting vegetation parameters at 201 plots located within the sanctuary, and pacing habitat types along marked transects. Thamin consumed primarily forbs, grasses, and agricultural crops but also fruits of 8 common tree species. Thamin used dipterocarp forest habitat but showed some seasonal shifts and distinct individual differences in habitat use. Except during of the mating season (January-April), females were found more often in degraded forests and closer to crops than males. Sex differences in habitat selection were due to either female selection of habitats with lower predation risk or increased nutritional needs associated with lactation.
Habitat selection of ungulates is influenced strongly by energy and nutrient needs for bone growth and body mass by males and gestation and lactation of fawns by females (Belovsky 1986; Bronson 1989; Owen-Smith 1994) . These physiological needs are tempered by predation risks that vary across habitat types (Geist 1998; Kie 1999; Leslie et al. 1999 ). Sex differences in energy needs, and especially predation risks, have resulted in multiple examples of seasonal habitat shifts and sexual segregation (Clutton-Brock et al. 1982; Kie 1999; Main et al. 1996; Miquelle et al. 1992 ). Sexual segregation is most evident in ungulates that exhibit sexual dimorphism and * Correspondent: wmcshea@crc.si.edu often is based on gender differences in vulnerability to predation (Berger 1991; Kie and Bowyer 1999; Rachlow and Bowyer 1998) . However, the trade-off between quality forage and protection from predators has not always been evident because habitat selection may operate at multiple scales with landscape decisions based on minimizing predation risks but microsite decisions based on energy maximization (Kie 1999) . For example, Bowyer et al. (1999) found microsite variables more significant predictors of birthing areas for moose (Alces alces) than habitat type. However, most of the work on cervids is derived from temperate or boreal species where severe seasonal energy constraints may limit flexibility of the species. There is a lack of ecological information on tropical cervid species that may or may not experience similar energy and predation constraints.
The thamin is a tropical cervid that has been investigated casually by many researchers (Milton and Estes 1963; Salter and Sayer 1986) , but no attempt has been made to quantify their habitat use. At a countrywide scale, thamin were associated with presence of a deciduous forest called indaing, dominated by the tree Dipterocarpus tuberculatus (McShea et al. 1999 ). However, this forest type often is found in association with both open grasslands and a denser mixed-deciduous forest (Stamp 1925) . Within the present distribution of the thamin, a single sanctuary exists that contains an abundance of both thamin and indaing forest, the Chatthin Wildlife Sanctuary. Our objectives were to determine distribution and composition of habitats within Chatthin Wildlife Sanctuary and their use by thamin and seasonal or sex differences that might affect habitat use by thamin.
MATERIALS AND METHODS
Study area.-Our study area (310 km 2 ) included Chatthin Wildlife Sanctuary (CWS), located in central Myanmar (95Њ24ЈE-95Њ40ЈE, 23Њ30ЈN-23Њ42ЈN). The CWS administratively has 3 parts, but only the Chatthin Reserve Forest (121.2 km 2 ) was selected for intensive study because it contained the maximum density of deer, a minimum of human disturbance, and all the habitat types found within the sanctuary.
Survey blocks.-Eleven transects were established in 1995: 1.5 km apart and traversing 87 km of the study area along a north-south axis (Fig. 1) . We created 54 survey blocks (2.25 km 2 each) by adding transect lines at 1.5-km intervals along the east-west axis. Those transects were established as permanent lines using a compass, measuring tape, color flags, and paints for tree marking. Survey blocks were marked on a 1:50,000 topographical map of the area. We estimated the X-Y coordinates in meters for each animal sighting and vegetation plot from the southwestern corner of each survey block. When radiocollared deer (Aung et al. 2001) moved outside the study area, we established an additional 37 blocks beyond the eastern and southern boundaries of the sanctuary using the same techniques.
Vegetation sampling.-Circular (400 m 2 ) plots were used to record relative abundance of plant species and habitat types and species composition of each habitat type. Three random plots were placed in each survey block, with their X-Y location determined from a random number table. In the field, we paced the distance from the southwestern corner of the block with the assistance of a compass. The paced distance became the center of 11.2-m-radius plot. We followed the procedure of James and Shugart (1970) ; all trees within the circle were identified, counted, and placed in 1 of 5 size classes. Woody species with a diameter of Ͻ4 cm were identified and counted as shrubs or creepers. All grasses, forbs, and woody seedlings within the southeastern quadrat of the plot were identified and given a relative abundance ranking. A total of 201 random study plots was established. Based on species composition and age class of trees, each plot was placed in 1 of the following unique habitat classes: indaing forest (mature, young, or flooded), grassland, mixed-deciduous forest, cropland, and degraded forest (McShea et al. 1999) .
Species identification.-New plant species were collected from each vegetation plot and retained as voucher specimens. For many species, several stages of growth and fruits also were collected. When radiocollared deer were observed consuming plants or fruits, samples were collected. Fecal droppings from radiocollared deer were also collected opportunistically and examined for intact seeds. All specimens were dried, pressed, and stored at CWS. We identified most woody species with available keys (Forest Department 1962; Hundley 1987) . Unidentified woody species were brought to the Forest Research Institute in Yeszin for identification by staff botanist Y. Y. Kyi. For nonwoody species, we identified the species of about 65% of the more common plants using available keys and used common names for the remaining species.
LANDSAT image classification.-A habitat map was developed for CWS from a 1992 LAND-SAT thematic mapper image (EROS Data Center, Sioux Falls, South Dakota). Spatial resolution, the size of the picture elements (pixels), was 28.5 by 28.5 m. The image was georeferenced and projected onto a UTM grid. We used ISODATA clus-FIG. 1.-Chatthin Wildlife Sanctuary with north-south transect lines used for pellet-count surveys, survey blocks used for radiolocations, and locations of seasonal water holes. Water holes are indicated that persisted until December (•), until March (᭡), or until the monsoon rains returned in June (Ⅲ). Streams were surveyed only in the region containing radiocollared deer.
tering algorithms with Imagine software (ERDAS 1997) to produce 8 classification categories including indaing forest, mixed-deciduous forest, grasslands, degraded forest, bare ground, cropland, emergent vegetation, and water. We used a global positioning system (Trimble ProXR; Trimble Inc., Sunnyvale, California) to determine the geographic location of 85 reference points in the field. After refining the classification based on reference points and our knowledge of the area, we calculated the overall accuracy of the final classification at 79%, with higher accuracies for indaing forest (85%). A comparison of availability of different habitat types within all survey blocks and within blocks containing radiocollared deer (Aung et al. 2001) was done using Arc View 3.1 (Environmental Systems Research Institute, Inc., Redlands, California).
Fecal-pellet survey.-Fecal-pellet surveys were conducted along the 11 south-north transects (total length, 87 km; Fig. 1 ). We used fecal-pellet counts to determine relative habitat use and not to assess changes in abundance (Edge and Markum 1989; Loft and Kie 1988) . To determine habitat composition along the transects, all transects were measured and the length of each habitat type was recorded by survey teams while we were creating the 54 survey blocks. Pellet groups were counted Յ1 m along either side of the transects. The observer noted the decay stage of feces, habitat type, and location along the transect (pace number; later converted to meters). Fecalpellet groups of thamin can persist Յ105 days, particularly during the cool and hot-dry seasons (Aung 1994) , so only fresh pellets with a moist interior were counted. Surveys were carried out 3 times/year (January, April, and July), but rainy-season surveys (July) were of limited use because of widespread flooding across the study area. Water holes and crops.-Water holes in the eastern part of CWS were mapped by walking each stream bed monthly from September 1997 through June 1998. We observed annual differences in rate of water hole evaporation, but there was no obvious difference in the relative order in which they became dry. The distribution of water holes within each season was added to our geographic assessment of habitats in CWS from the LANDSAT imagery. We calculated the minimum distances to croplands and water holes from the seasonal core area of each radiocollared animal during each season (Aung et al. 2001) .
Statistical analysis.-Seasonal habitat selection for radiocollared thamin was determined using the fixed-kernel method (Worton 1986 (Worton , 1989 ) with least-squares cross validation (Aung et al. 2001) . A 25% kernel estimate was calculated for individual deer in each season where the sample size was Ն39 locations. We considered that the core area to assess habitat use of each thamin. For each core area, the number of pixels of each habitat type (i.e., indaing forest, mixed-deciduous forest, grassland, and combined degraded forest/cropland) were compared with an expected number of pixels based on the classification of the LANDSAT imagery for the part of CWS that contained deer radiolocations. A chi-square test was used to compare actual and expected values (SAS Institute Inc. 1987) . Significant values were subjected to a subsequent test for selection and avoidance using the Bonferroni test (White and Garrott 1990) . The terms ''selection'' and ''avoidance'' refer to statistical associations and do not infer knowledge of an animal's preferences. Seasonal or sex differences in habitat selection were assessed with a Fisher's exact test. Seasonal or sex differences in the mean distance to croplands and water were tested using analysis of variance (SAS Institute Inc. 1987).
RESULTS
Habitat composition.-Based on the habitat types found at 201 random plots, the relative habitat composition in the study site was 67% young indaing, 13% mature indaing, 5% flooded indaing, 4.5% grasslands, 2.4% mixed-deciduous forest, 3.5% degraded forest, and 4.5% cropland. Two additional means were used to access habitat abundance: a supervised classification of a LANDSAT imagery showed similar results (83.1% indaing forest, 6.4% mixeddeciduous forest, 1.7% cropland, and 2.3% degraded forest), except grassland was more abundant (8.1%), and the relative abundance of habitat types along the 11 transect lines were similar to the randomplot data (Table 1) . For comparisons of habitat use of thamin and habitat availability, we used the LANDSAT classification and considered available habitat as all transect blocks that contained radiolocations of thamin. That constraint shifted the propor- tion of habitats to reflect abundance of croplands along the eastern boundary of CWS (Table 1) . Thamin consumed fruits of 8 woody species and the vegetative parts of Ն14 species of forbs and grasses (Table 2) . Those species were not distributed equally across habitat types. The forbs and grasses consumed were prevalent in indaing forest and grassland habitats. Trees, whose fruit were consumed by thamin, were most abundant in indaing forest types and least abundant in mixed-deciduous forest.
Habitat use by radiocollared thamin.-A seasonal comparison of radiolocations during daylight with available habitat showed a nonrandom (P Ͻ 0.01) distribution of animals in every example (n ϭ 59). Bonferroni tests of those distributions indicated that males and females preferred indaing and degraded forests (Table 3 ). There were strong individual differences with no habitat being selected or avoided by all animals (Table 3 ). There was some indication of sexual differences; females were found more often in degraded forests, but males were found more often in indaing forest (Fisher's exact test, P ϭ 0.098). Both sexes appeared to avoid mixed-deciduous forests and to a lesser degree grasslands. There were no obvious seasonal changes in habitat use.
Habitat use as estimated by fecal-pellet surveys.-Classification of the LANDSAT imagery could only identify accurately 3 forest types (e.g., indaing, mixed deciduous, and degraded). However, to ground crews there were distinct differences within the indaing forest (Table 2) , and those appeared to be important to the habitat selection of thamin. During 8 surveys conducted in the cool-dry and hot-dry seasons, habitat use by thamin was calculated from frequency distribution of fresh pellet groups (n ϭ 1,284) in different habitats along the 11 transects (Table 4 ). The proportion of transects in each habitat type was roughly proportional to abundance of the habitat types in CWS (Table 1) . The results of this survey were similar to the home-range analysis; thamin preferred indaing forest, specifically mature indaing forest, and avoided mixed-deciduous forest. Pellet counts contrasted radiotracking data in that there was an obvious lack of fecal pellets located in degraded forests during the 2 seasons surveyed (Table 4) . Deer locations in relation to water and crops.-About 33% of CWS flooded during the rainy season with the largest seasonally flooded area located along the Kinsan Chaung (stream). After the monsoons, several large pools persisted along the drainage and appeared to be important sources of water for thamin. According to our monthly water resource survey, a continuous stream of about 40 km in September was reduced to 47 pools by December and 31 pools by March, and an average of 6 pools were available for the whole year (Fig. 1) . Seasonal movements of thamin may have been tied partially to the planting cycle of crops and distance to water holes (Table 5) . Both sexes were found farther from crops in the hot-dry season compared with the rest of the year (partial F ϭ 13.7, d.f. ϭ 1, 79, P ϭ 0.004). Males were farther from crops than females in all seasons (partial F ϭ 5.53, d.f. ϭ 1, 79, P ϭ 0.02). All observations (n ϭ 21) of deer inside crop fields occurred during the cool season. A corollary to the movement away from crops in the hot-dry season was the movement toward water pools; thamin were found closer to water holes during the hot-dry season than the remainder of the year (partial F ϭ 5.7, d.f. ϭ 1, 79, P ϭ 0.019). Distance to water did not differ between males and females (partial F ϭ 3.81, d.f. ϭ 1, 79, P ϭ 0.055).
DISCUSSION
Results of the 2 vegetation surveys and the classification of LANDSAT imagery gave comparable estimates of habitat types within the study area. Radiocollared deer used all habitat types in CWS, but indaing forest was selected during most of the year. Radiolocations represent only daytime positions of animals, but fecal-pellet surveys also indicated selection of indaing forest. These surveys also showed that mature indaing forest was preferred more than young indaing forest, particularly during the hot-dry season. For all trends observed, there were strong individual differences in habitat use.
Radiocollared thamin made extensive use of degraded forest along the CWS boundary, particularly females during the rainy season; however, that was not evident from fecal surveys, which were conducted outside the rainy season. That conflicting results may be due to our selection of study animals. Our field camp was located near the boundary of CWS, and capture of deer in that region was most feasible. It also is possible that our habitat categories do not accurately reflect habitat attributes perceived by the deer. Our habitats are based primarily on the composition, size, and density of woody species, but most forage consumed by deer was grasses and forbs (Table  2) . Compared with other tropical cervids (Mishra 1982) , reliance of thamin on grasses and forbs is similar to chital (Axis axis) and hog deer (Axis porsinus), but contrast sambar (Cervus unicolor) and barking deer (Muntiacus muntjac). With the notable exception of fruit production (Table 2) , it may be that woody species are irrelevant to thamin movements and that distributions of forbs and grasses are determined by microhabitat differences. Bowyer et al. (1999) found that microhabitat variables were important for birth-site selection of moose. Individual differences in habitat selection in our study (Table 3 ) may reflect microhabitat differences in ground cover that were not obvious to us.
For both survey techniques, indaing forest was used more than degraded forest, particularly during the hot-dry season, which likely reflect need for water and production of fruit and grass in this habitat. Only 6 of 47 pools of water during the cool season were within the home ranges of radiocollared thamin during the hot-dry season, and all 6 were located within the boundaries of CWS and away from degraded forests. Tracks and sign for many wildlife species were common around those pools, and movement of thamin into CWS probably reflected restricted availability of water.
During the hot-dry season and early rainy season, several dominant trees (i.e., Gardenia erythroclada, G. ulignosa, Terminalia chebula, Emblica officinalis) and shrubs (i.e., Commelina benghalensis, Antidesma diandrum, Smilax glabna, Strobilanthes auriculatus) produce fruits, which were common food items for thamin based on the visual observation and fecal examinations (Table 2) . Those fruits were relatively small (2-5 cm diameter) and fleshy with multiple seeds. For most species, seeds were viable after passage through the digestive tract of thamin (A. Than, pers. comm.). Shoots of most grasses (i.e., Imperata, Saccharum, Bothriochloa pertusa, Setaria verticulata, Diectomis fasligiata) provided thamin a major source of forage after widespread fires in the hot-dry season. We believe that harvest of planted crops at the end of the cool season and fruit and grass-shoot production in the indaing forest during the hot-dry season combined to produce shifts in habitat selection.
Evidence of sexual segregation within thamin was the increased use of habitats near crops by females during the rainy and cool seasons not paralleled by males. Both sexes avoided dense vegetation habitats, such as the mixed-deciduous forests along streams and open habitats such as grasslands. The basis for the selection of degraded forest by females is not immediately apparent. Perhaps, degraded forests were near high-quality forage (i.e., crops) and proximity to human habitation provided increased safety from dholes (Cuon alpinus), the major predator of thamin. Crops are cultivated for 6 months (August-January) in and around CWS. Crop damage by thamin is common, especially to rice, lentil, maize, peas, and rape. Although natural forages are available, deer appear to rely heavily on crops and are found there and in adjacent degraded forest until January.
Scarcity of water in CWS during the hotdry season is followed by the overabun-dance of water after rains begin. Although all plants in indaing forests become more abundant during the rainy season, thamin moved to the boundaries of CWS after a period of heavy rainfall possibly because of flooding, high densities of biting insects, and increasing density of vegetation inside CWS. In the rainy season, densities of biting insect were very high, and local villagers use fire to protect their cattle from them.
There is evidence that reproduction is seasonal for this species (Aung et al. 2001) , with mating season during the hot-dry season and parturition in November-December (Aung et al. 2001) . If lactation continues through the hot-dry season, as it does in captive populations (Monfort et al. 1993) , their seasonal movement toward water sources and high-quality forage would be expected. With the advent of rains, home ranges decreased in size (Aung et al. 2001) and moved closer to the cropland. Thamin are a ''hider'' species with regard to early maternal behavior (Blakeslee et al. 1979; Lent 1974) , and shrub vegetation of the degraded forest provides hiding and escape cover.
Predator avoidance is a primary hypothesis for sexual segregation in cervids Kie 1999) , and the dhole normally avoids human development (Johnsingh 1985) . The staff of CWS reported 4 instances where thamin appeared to be fleeing from coursing predators, presumably dholes. Whereas males may escape dholes through flight, attachment to fawns may limit the inclination of females to flee long distances. Although cover near crops may be sufficient during the rainy and cool seasons, it is reduced by the hot-dry season when activity of villagers shifts from farming to fuel-wood collection and cattle grazing along the boundary of CWS. At this time of year, reliance on concealment to evade predators is no longer possible, and aggregations of deer on newly sprouted grass may rely on increased vigilance to avoid predators (Aung et al. 2001) .
Thamin are tropical cervids that are adapted for grazing based on their tooth morphology, large body size, and a high ratio of rumen volume to body size (Geist 1998) . However, they are confined to relatively diverse grasslands within indaing forest, a habitat characterized by complex microhabitats, frequent fires, and monsoon rains. Reliance of thamin on fruits during the hot-dry season and agricultural crops during the remainder of the year indicates that nutritional composition of grasses alone may not be sufficient to sustain them. As with temperate species, habitat selection of this cervid appears to be tied to predator avoidance and forage quality, with some indications that females are more responsive to both factors than are males.
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